INTRODUCTION
============

Migraine is the most common neurovascular headache, and is experienced by approximately 8.4% of the general population in Japan.[@B1] Migraines are typically characterized by severe unilateral or bilateral head pain and occasional vision disturbance.[@B1][@B2][@B3][@B4] Migraines often cause significant disability and impaired quality of life, adversely affecting the activities of daily living and work-related productivity in many patients.[@B1][@B2][@B3][@B4]

Drug therapies for migraine fall into acute and prophylactic categories. Acute therapy employs triptans for treating moderate-to-severe migraine attacks,[@B5] while prophylactic therapy should be considered when such attacks are frequent or severe and when acute medication with triptans or nonsteroidal anti-inflammatory drugs is ineffective.[@B5]

Valproate is well established in the treatment of epilepsy, and it is thought to act by mimicking γ-aminobutyric acid. There is also evidence that valproate prevents migraine attacks, and it is already widely used for migraine management in the US and European countries.[@B5][@B6][@B7] Hering and Kuritzky[@B8] reported that valproate was effective in preventing migraine or reducing the frequency, severity, and duration of attacks in 86.2% patients over a 8-week period. Mathew et al.[@B9] found that 48% of patients treated with divalproex experienced a ≥50% reduction in the frequency of migraine relative to baseline over 12 weeks. Shaygannejad et al.[@B10] further suggested that treatment with valproate significantly decreases the duration, monthly frequency, and intensity of migraine after 8 weeks. Takeshima et al.[@B11] reported that the efficacy of valproate was 59.7% at 2 months after commencing treatment. These findings together indicate that some patients with migraine do not respond well to treatment with valproate. If prophylactic treatment with a particular drug is unsuccessful, it can be substituted by a different prophylactic drug.[@B12] Since changing the drug can initiate a therapeutic effect in some patients, it is possible that different factors are involved in the clinical responses to valproate and other prophylactic drugs.

Valproate was approved for migraine prophylaxis in Japan in October 2011, and it is now widely used there for migraine management. However, the factors that contribute to the clinical response of patients to valproate remain unknown. The ability to predict the response to valproate is particularly likely to improve the treatment of inconsistent responders (IRs).

The aim of this study was to identify significant predictive factors using clinical data associated with the response to valproate prophylactic therapy in patients with migraine as an original headache.

METHODS
=======

Subjects
--------

In total, 189 patients with migraine as original headache, who were prescribed prophylactic valproate by specialists, were admitted to the outpatient clinics of the Department of Neurology at Showa University Hospital and the Department of Neurology at Showa University East Hospital, Tokyo between September 2005 and June 2012. Headache was diagnosed according to the International Classification of Headache Disorders, Second Edition (ICHD-II)[@B13] or the revised ICHD-II criteria.[@B14] Patients with medication-overuse headache (MOH) or chronic migraine (CM) were asked about their original headache by specialists, who also confirmed the original headache and type of episodic migraine after curing the patients of MOH or CM. Patients with both CM and MOH were included if they had migraine as the original headache. The study cohort included not only patients with migraine but also those with both migraine and tension-type headaches, but excluded patients with only tension-type headache. Depression and other psychiatric disorders were diagnosed based on criteria in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.[@B15]

According to their clinical responses to valproate-containing drugs that are commercially available in Japan (Depaken, Kyowa Hakko Kirin, Tokyo, Japan; or Selenica, Kowa Pharmaceutical, Tokyo, Japan), patients were divided into consistent responder (CR) and IR groups, and they were asked whether their headaches were diminished by prophylactic therapy. The CRs were defined as those with a \>50% decrease in the frequency of headaches (quantified in episode-days per month) at 3 months after initiating valproate treatment.[@B16] We enrolled 119 of the 189 patients who were evaluated; the 70 patients were excluded for the following reasons: not revisiting the outpatient clinics (*n*=21), no records of the frequency of headache in medical records (*n*=24), compliance failure (*n*=7), and already using valproate before visiting our outpatient clinics (*n*=18).

The clinical responses to triptans were determined according to the responses of the responders and nonresponders. Responders treated with triptans were defined as those with diminished pain reported as either \"mild\" (within 4 h of oral or nasal administration) or \"none\" (within 2 h of oral or nasal administration) in at least two-thirds of attacks.[@B3][@B17] Patients whose pain was not alleviated in three consecutively treated migraine attacks were defined as nonresponders.

This study was approved by the Institutional Ethics Committee of Showa University (Approval No. 148).

Clinical parameters
-------------------

The medical examination of each patient involved using a headache diary and/or a headache questionnaire to obtain information about the pain location, frequency, and symptoms associated with the headache, and this was confirmed in an interview. In the case of MOH or CM, we confirmed the original headache and the type of episodic migraine after curing the patient of MOH or CM.

The following data were collected from all patients: age, sex, type of headache treated with valproate, original headache, type of episodic migraine, complication of depression or other psychiatric disorder, and medical history before commencing valproate treatment. We also collected data on the frequency, pain location, and symptoms associated with headache before applying the treatment. We investigated the valproate dosage, use of prophylactic drugs other than valproate, alleviation of headache symptoms, and use of triptans for 3 months after commencing valproate treatment.

Statistical analysis
--------------------

A power analysis was performed using a publically available tool (<http://www.dssresearch.com/toolkit/spcalc/power_a1.asp>). In this power analysis we applied Cohen\'s criteria to categorize the effect sizes as follows (with alpha=5%): small (≥0.2 and \<0.5), moderate (≥0.5 and \<0.8), and large (≥0.8).[@B18] We conducted univariate analysis using an unpaired Student\'s *t*-test for continuous variables and the χ^2^ test or Fisher\'s exact test for categorical variables. Multivariate stepwise logistic regression analysis was then conducted to identify independent factors associated with the clinical response to valproate. Variables with probability values of *p*\<0.1 in the univariate analysis were included in the multivariate model.[@B3][@B4][@B17][@B19] The odds ratio (OR) and 95% confidence interval (CI) were calculated to evaluate the effects of each evaluated factor. A probability value of *p*\<0.05 was considered to be indicative of statistical significance. Analyses were performed using SPSS 11.0 J for Windows (SPSS Japan, Tokyo, Japan).

Calculation of PI
-----------------

The predictive index (PI)PI for the clinical response to prophylactic therapy using valproate was calculated for all patients by combining the factors selected according to the results of the multivariate stepwise logistic analysis. The values of the regression coefficient (β) of the selected factors were compared and scored as integers.[@B3][@B4][@B17] We defined the PI as the sum of all of these scores for each patient.

RESULTS
=======

Patient characteristics
-----------------------

The study population consisted of 119 patients with migraine as their original headache (age, 37.4±12.9 years, mean±SD), comprising 11 (15%) men and 108 (85%) women. The 119 individuals suffered from migraine with the following characteristics: with an aura \[migraine with aura (MA), *n*=8\], without an aura \[migraine without aura (MO), *n*=99\], and combined type (MA+MO, *n*=12) ([Table 1](#T1){ref-type="table"}). The daily dosage of valproate was 100 mg (*n*=10), 200 mg (*n*=33), or 400 mg (*n*=76), and the efficacy of valproate (quantified as the proportion of CRs) was 79.8% (*n*=95) for the 119 patients ([Table 1](#T1){ref-type="table"}).

Univariate analysis
-------------------

The type of headache that was treated with valproate did not differ between the CR and IR groups (*p*=0.329) ([Table 1](#T1){ref-type="table"}). The frequencies of a history of hyperlipidemia (*p*=0.013) and hay fever (*p*=0.048) differed significantly between the CR and IR groups ([Table 1](#T1){ref-type="table"}). The frequency of depression and other psychiatric disorders (panic disorder and personality disorder) also did not differ significantly between the CR and IR groups (29.5% vs. 50.0%, *p*=0.057), nor did the dose of valproate (*p*=0.985) ([Table 1](#T1){ref-type="table"}). Significant intergroup differences were found in allodynia of associated symptoms (*p*=0.035) ([Table 2](#T2){ref-type="table"}). There was also no intergroup difference detected in the use and efficacy of triptans ([Table 3](#T3){ref-type="table"}).

Multivariate analysis
---------------------

The results of the logistic multivariate analysis of allodynia of associated symptoms, a history of hyperlipidemia and hay fever, and the complication of depression or other psychiatric disorder are listed in [Table 4](#T4){ref-type="table"}. Logistic stepwise regression analysis identified hyperlipidemia, hay fever, and the complication of depression or other psychiatric disorder as significant factors that independently contributed to the response to valproate in patients with migraine, with ORs of 6.024 (95% CI=1.616--22.222), 2.825 (95% CI=1.046--7.634), and 2.825 (95% CI=1.052--7.576), respectively.

Scoring system
--------------

The PI was calculated using three factors that were selected according to the results of the logistic stepwise multivariate analysis. Scores were assigned using each β score and using the half-adjusted rules as follows: hyperlipidemia (yes), 2 points; hay fever (yes), 1 point; and complication of depression or other psychiatric disorder (yes), 1 point ([Table 5](#T5){ref-type="table"}). This resulted in the PI values ranging from 0 to 4; for example, PI=3 for a patient with hyperlipidemia and hay fever.

Clinical outcome according to the scoring system
------------------------------------------------

The PI---the sum of the scores of three factors---was calculated for each patient. The index was significantly higher for IRs (1.46±1.10) than for CRs (0.69±0.74, *p*\<0.001). The distribution of the PI values of the patients is shown in [Fig. 1](#F1){ref-type="fig"}. The patients were divided into three groups according to their PI values as follows: low (PI=0; CR:IR=44:5), moderate (PI=1; CR:IR=37:8), and high (PI≥2; CR:IR=14:11). The groups with low, moderate, and high indexes included 10.2%, 17.8%, and 44.0% of the IRs, respectively ([Fig. 1](#F1){ref-type="fig"}, [Table 6](#T6){ref-type="table"}). The sensitivity and specificity for the high-index group (PI≥2) were 45.8% and 85.3%, respectively; the corresponding values for the low-index group (PI=0) were 79.2% and 46.3%, respectively ([Table 6](#T6){ref-type="table"}).

Using an alpha error of 5%, a post-hoc analysis for hyperlipidemia, hay fever, and the complication of depression or other psychiatric disorder revealed statistical powers of 0.65 (moderate), 0.50 (moderate), and 0.48 (low), respectively, based on the present sample size.

DISCUSSION
==========

On the basis of multivariate stepwise logistic regression analysis and calculations of the PI, we found that a history of hyperlipidemia \[including hypertriglyceridemia, hypercholesterolemia, and abnormally level of low-density lipoprotein (LDL) cholesterol\] and hay fever and the complication of depression or other psychiatric disorder influenced the clinical response to valproate in patients with migraine. In addition, we demonstrated that patients with a high PI had a high risk of inconsistent responses to prophylactic valproate therapy.

Valproate is widely used for migraine prophylaxis[@B5][@B6][@B7] and is considered an option in patients experiencing frequent attacks.[@B16] The efficacy of valproate was found to be 59.7% in Japan at 2 months after commencing treatment.[@B11] Although the efficacy of valproate (quantified as the proportion of CRs) was 79.8% in the present study, 72.6% of CR patients used lomerizine, which is another first-line prophylactic treatment for migraine administered in Japan. Moreover, we previously reported that the efficacy of lomerizine in combination with valproate was 89% in 53 patients with migraine.[@B17] In contrast, the efficacy was 66.7% (CR, *n*=12; IR, *n*=6) for patients treated with valproate alone in the present study. Although a high proportion of the patients received combination therapy, no intergroup differences were found for the proportion receiving monotherapy.

The daily dose of valproate used in migraine prophylaxis typically ranges from 500 to 1,500 mg/day.[@B20] In contrast, Kinze et al.[@B21] recommended a serum level of valproate of \<50 µg/mL for the prophylaxis of migraine because they found that the headache frequency was significantly lower even when patients were administered valproate at lower concentrations (21--50 µg/mL). Moreover, they recommended daily valproate doses of 500 to 600 mg because higher doses provided no additional benefit.[@B21] The recommended dosage of valproate for migraine prophylaxis in Japan is 400--600 mg/day, and dosages of 100--400 mg/day were used in the present study. Furthermore, although the serum levels of valproate were not measured in all of the patients, the value measured in 12 patients in the IR group met the above-mentioned recommendation (45.3±13.3 µg/mL). Moreover, Takeshima et al.[@B11] used 100--600 mg/day. Therefore, the dose of valproate administered in the present study was consistent with those that are generally applied in Japan.

Hyperlipidemia is a risk factor for CM but not for other types of migraine or the nonmigraine population.[@B22] Tana et al.[@B23] reported that the levels of total and LDL cholesterol were significantly higher in migraine patients with a high frequency and intensity of attacks than in those with a low frequency and intensity.[@B23] Hyperlipidemia may act via the induction of platelet aggregation,[@B24] since this induces changes in serum and platelet serotonin levels,[@B25] and these changes might lead to vasodilation and subsequent migraine headache. A particularly interesting finding was a recent study showing that the administration of statins might be beneficial in migraine patients with a high vitamin D level.[@B26] In the present study, although four patients with hyperlipidemia had started receiving treatment with statins prior to being treated with valproate, no differences between CR and IR groups were observed. The inclusion of only 13 patients with hyperlipidemia made it impossible to determine whether the effects of statins were involved in the prophylactic effects of valproate.

Patients with migraine are particularly prone to developing MOH.[@B14] We previously reported that MOH patients have a higher incidence of depression than migraine patients.[@B4] Depression and anxiety are risk factors for CM.[@B22] In the present study, although the type of headache treated with valproate did not differ significantly between the IR and CR groups, the proportion of patients with depression or other psychiatric disorder (i.e., panic disorder or personality disorder) was higher in the IR group.

The mechanism of migraine is currently described by the trigeminovascular theory.[@B27] The second branch of the trigeminal nerve terminates in a sinus, such as the ethmoid and sphenoid sinuses. Since the nasal symptoms associated with hay fever are known to be involved in sinus inflammation,[@B28] it is possible that the inflammatory response in the sinus is related to the induction of migraine via stimulation of the trigeminal nerve in patients with hay fever. This is consistent with Aamodt et al.[@B29] reporting that hay fever is associated with an increased frequency of migraine headaches. We found that hyperlipidemia and hay fever and the complication of depression or other psychiatric disorder, which are known to be risk factors for worse headache,[@B1][@B2][@B3][@B5][@B22][@B23][@B26][@B27] are risk factors for a negative response to valproate in migraine patients receiving prophylactic therapy. Since these factors did not contribute to the clinical response to lomerizine, which is another type of prophylactic drug used for migraine,[@B17] these factors might be specific factors influencing the clinical response to valproate. However, we could not identify possible mechanisms underlying a negative response to valproate.

The sample size is a limitation of this study, as are the retrospective design, combined use of prophylactic drugs, and the lack of a long-term follow-up. Nevertheless, we established a PI using the factors of a history of hyperlipidemia and hay fever and the complication of depression or other psychiatric disorder. Patients with a PI of 0 should be treated with valproate because 89.8% of such patients responded positively to valproate in the present study. In contrast, it is likely that patients with a PI of ≥2 will not respond to valproate. Therefore, if an incomplete response to valproate prophylaxis is predicted when using this PI scoring system, other interventions should be considered in order to provide a better treatment outcome for patients with migraine. Future studies involving larger samples are required to improve the accuracy of the PI.
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###### Backgrounds of patients

![](jcn-12-468-i001)

  Variable                                        CR (*n*=95)   IR (*n*=24)   *p* value          
  ----------------------------------------------- ------------- ------------- ----------- ------ --------------
  Age (mean±SD)                                   37.2±13.9                   36.7±13.0          0.874
  Men:women                                       9:86                        2:22               1.000
  Type of headache (for treated with valproate)                                                  0.329
   Episodic migraine                              38            40.0          11          45.8   
   Medication overuse headache                    42            44.2          12          50.0   
   Chronic migraine                               15            15.8          1           4.2    
  Original headache                                                                              0.323
   MA                                             8             8.4           0           0.0    
   MO                                             78            82.1          21          87.5   
   MA+MO                                          9             9.5           3           12.5   
  Migraine+tension-type headache                  11            11.6          4           16.7   0.500^‡^
  Complications                                                                                  
   Depression and other psychiatric disorder      28            29.5          12          50.0   0.057^†^
  Past history                                                                                   
   Hypertension                                   8             8.4           1           4.2    0.685
   Diabetes                                       0             0.0           0           0.0    1.000
   Hyperlipidemia                                 7             7.4           6           25.0   0.013^\*†^
   Cardiac disease                                1             1.1           0           0.0    1.000
   Cerebrovascular disease                        1             1.1           1           4.2    0.364
   Epilepsy                                       4             4.2           0           0.0    0.582
   Hay fever                                      24            25.3          11          45.8   0.048^\*†^
   Bronchial asthma                               7             7.4           3           12.5   0.420
  Dose of valproate                                                                              0.985
   100 mg/day                                     8             8.4           2           8.3    
   200 mg/day                                     26            27.4          7           29.2   
   400 mg/day                                     61            64.2          15          62.5   
  Prophylactic drugs                                                                             
   Valproate only                                 12            12.6          6           25.0   0.131
   Clonazepam                                     49            51.6          10          41.7   0.386
   Lomerizine                                     69            72.6          13          54.2   0.081^†^
   Amitriptyline                                  2             2.1           3           12.5   0.055^†^
   Topiramate                                     5             5.3           0           0.0    0.582
   Propranol                                      0             0.0           0           0.0    1.000
   Paroxetine                                     2             2.1           1           4.2    0.495
  Improvement                                                                                    \<0.001^\*†^
   100%                                           16            16.8          0           0.0    
   75--100%                                       37            38.9          0           0.0    
   50--75%                                        42            44.2          0           0.0    
   25--50%                                        0             0.0           4           16.7   
   ≤25%                                           0             0.0           20          83.3   

^\*^*p*\<0.05, CR vs. IR, ^†^*p* value below 0.10, ^‡^Fisher\'s exat test.

CR: consistent responder, IR: inconsistent responder, MA: migraine with aura, MO: migraine without aura.

###### The feature of headache in patients

![](jcn-12-468-i002)

  Variable                                                CR (*n*=95)   IR (*n*=24)   *p* value          
  ------------------------------------------------------- ------------- ------------- ----------- ------ ------------
  Age at onset of migraine (mean±SD)                      19.7±8.8                    19.1±9.6           0.780
   NS                                                                   10                        2      
  Pain location                                                                                          
   Unilateral                                             21            22.1          4           16.7   0.771
   Bilateral                                              53            55.8          15          62.5   
   Unilateral/bilateral                                   16            16.8          5           20.8   
   NS                                                     5             5.3           0           0.0    
   Occipital/occipitocervical                             36            37.9          9           37.5   0.824
   Frontal                                                21            22.1          3           12.5   0.398
   Temporal/temple                                        53            55.8          13          54.2   0.677
   Parietal                                               6             6.3           1           4.2    1.000
   Whole head                                             33            34.7          10          41.7   0.653
   Periorbital                                            16            16.8          3           12.5   0.760
   NS                                                     5             5.3           0           0.0    
  Chracteristics                                                                                         
   Throbbing                                              58            61.1          18          75.0   0.330
   Nonthrobbing                                           65            68.4          14          58.3   0.190
   NS                                                     5             5.3           0           0.0    
  Frequency (before treatment of valproate, days/month)                                                  
   0--14                                                  25            26.3          10          41.7   0.140
    0--1                                                  0             0.0           0           0.0    
    2--5                                                  5             5.3           4           16.7   
    6--10                                                 13            13.7          5           20.8   
    11--14                                                7             7.4           1           4.2    
   Over 15                                                70            73.7          14          58.3   
  Associated symptoms                                                                                    
   Nausea/vomiting                                        72            75.8          20          83.3   0.589
   Photophobia                                            59            62.1          17          70.8   0.461
   Phonophobia                                            41            43.2          7           29.2   0.198
   Osmophobia                                             19            20.0          4           16.7   1.000
   Aggravation of headaache by physical activity          80            84.2          22          91.7   0.520
   Allodynia                                              48            50.5          18          75.0   0.035^\*†^
   Vertigo, dizziness                                     24            25.3          6           25.0   0.958
   NS                                                     1             1.1           0           0.0    

^\*^*p*\<0.05, CR vs. IR, ^†^*p* value below 0.10.

CR: consistent responder, IR: inconsistent responder, NS: not specified.

###### Use of triptans

![](jcn-12-468-i003)

  Variable         CR (*n*=95)   IR (*n*=24)   *p* value          
  ---------------- ------------- ------------- ----------- ------ -------
  Use of triptan                                                  0.685
   Yes             87            91.6          23          95.8   
   No              8             8.4           1           4.2    
    Sumatriptan    24            25.3          9           37.5   0.237
    Zolmitriptan   11            11.6          4           16.7   0.502
    Eletriptan     32            33.7          6           25.0   0.384
    Rizatriptan    22            23.2          8           33.3   0.314
   Naratriptan     7             7.4           5           20.8   0.066
   Responder       74            85.1          21          91.3   1.000
   Nonresponder    2             2.3           0           0.0    
   Unknown         11            12.6          2           8.7    

CR: consistent responder, IR: inconsistent responder.

###### Multivariate analysis of predictive factors of response to valproate

![](jcn-12-468-i004)

  Variable                                    β       OR          95% confidence interval   *p* value
  ------------------------------------------- ------- ----------- ------------------------- -----------
  Hyperlipidemia                              1.793   6.024^\*^   1.616--22.222             0.007
  Hay fever                                   1.038   2.825^†^    1.046--7.634              0.040
  Depression and other psychiatric disorder   1.037   2.825^‡^    1.052--7.576              0.039

^\*^Hyperlipidemia: no vs. yes, ^†^Hay fever: no vs. yes, ^‡^Depression and other psychiatric disorder: no vs. yes.

OR: odds ratio=exp (β).

###### Scoring system for response to valproate

![](jcn-12-468-i005)

  Variable                                                    Score^\*^
  ----------------------------------------------------------- -----------
  Past history of hyperlipidemia                              
   Yes                                                        2
   No                                                         0
  Past history of hay fever                                   
   Yes                                                        1
   No                                                         0
  Complication of depression and other psychiatric disorder   
   Yes                                                        1
   No                                                         0

^\*^Point=β/1.037.

###### Association between patients and clinical response to valprolate

![](jcn-12-468-i006)

  PI     CR       IR   Sensitivity, %   Specificity, %   Ratio of IR, %                 
  ------ -------- ---- ---------------- ---------------- ---------------- ------ ------ ------
  PI≥2   High     14   14.7             11               45.8             45.8   85.3   44.0
  PI=1   Middle   37   38.9             8                33.3                           17.8
  PI=0   Low      44   46.3             5                20.8             79.2   46.3   10.2

CR: consistent responder, IR: inconsistent responder, PI: predictive index.

[^1]: ^\*^These authors contributed equally to this work.
